ABSTRACT During one year five patients were observed with the adult respiratory distress syndrome who were found at necropsy to have cavitated lung infarcts following bland (non-infected) pulmonary thromboembolism. There were three instances of bronchopleural fistula and in one person a tension pneumothorax was the immediate cause of death. Four of the five patients had severe lung infections. In all patients airway pressure was raised as a result of positive pressure mechanical ventilation. It is postulated that diffuse microvascular injury, bacterial pneumonia, and high airway pressures may be important factors predisposing patients with adult respiratory distress syndrome to develop lung necrosis, cavitation, and bronchopleural fistula after bland pulmonary thromboembolism. This complication may occur more frequently than has been previously recognised.
Accepted I July 1985 Case reports CASE I A 32 year old man was admitted to hospital in a comatose state after intravenous self administration of ethchlorvynol (Placidyl). The blood pressure was 90/50 mm Hg, his temperature 39°C, and his respiratory rate was 28/min. A chest radiograph showed diffuse bilateral patchy shadowing. Because of rapidly progressive hypoxaemia, he underwent endotracheal intubation and mechanical ventilation. His hospital course was complicated by granulocytopenia and disseminated intravascular coagulation. On the third hospital day blood cultures yielded Escherichia coli and microbiological examination of sputum showed abundant mixed Gram negative bacillary organisms. Positive end-expiratory pressures (PEEP) of 5-18 cm H20 and an inspired oxygen concentration of 50% (Fio2 0.50) were required to achieve an arterial oxygen tension (Pao2) of 65 mm Hg (8.6 kPa). On the sixth hospital day a right pneumothorax developed and a chest tube was placed in the pleural space. Two days later a flow directed pulmonary artery catheter was inserted via the right subclavicular vein. On the 10th hospital day the systolic blood pressure dropped to 60 mm Hg, and arterial blood analysis showed a pH of 7.21, a carbon dioxide tension (PaCo2) of 64 mm Hg (8.5 kPa), and a Pao2 of 35 mm Hg (4.7 kPa). The 916 8 kPa) . Two days after intubation a pulmonary artery catheter was introduced through the right subclavian vein. After four days of artificial mechanical ventilation the patient developed severe hypotension and died. The peak airway pressure had been 55 cm H20.
Pathological findings
At necropsy two cavitated infarcts were found in the posterior and lateral basal segments of the left lower lobe. The posterior lesion, which measured 2.5 x 3.8 cm, was nearly entirely excavated; the other infarct surrounded a cavity 0.8 cm in diameter. The necrotic lung around each cavity was overgrown with Gram negative bacteria and rare acid fast bacilli; there was negligible infiltration with inflammatory cells. The visceral pleura was necrotic, but intact over each lesion. Many large, bland, thromboemboli occluded the main and lower lobe segmental pulmonary artery branches. Thromboemboli and non-cavitated infarcts were present in the right lung Other findings in the lungs included diffuse alveolar damage in the exudative phase and disseminated miliary tuberculosis. A recent thrombus, less organised than the pulmonary artery clots, had formed in the superior vena cava around the pulmonary artery catheter. CASE 3 A 34 year old man was admitted to the burn unit with partial thickness burns over 40% of his body surface area and with injury from smoke inhalation resulting from a house fire. On the first hospital day he underwent endotracheal intubation. His wounds were surgically excised and debrided. Postoperatively his temperature rose to 390C and treatment with nafcillin, tobramycin, and ticarcillin was instituted. The chest radiograph at that time showed bilateral diffuse nodular infiltrates. On the third hospital day a flow directed pulmonary artery catheter was inserted via the right subclavian vein. The initial pulmonary artery pressure was 45/24 cm H20 (33/18 mm Hg) and the pulmonary capillary wedge pressure was 20cm H20
Cavitating lung infarction after bland pulmonary thromboembolism in patients with ARDS (14 mm Hg). Over the following two days the pulmonary capillary wedge pressure decreased to chest tubes were placed in both pleural space for prophylactic purposes. Later a gas leak developed through the right chest tube, indicating a bronchopleural fistula. The peak airway pressures ranged from 38 to 42 cm H20 (3.7 to 4.1 kPa). Cultures of the fluid drained from both chest tubes yielded mixed Gram negative bacillary organisms. Despite antibiotic treatment and intravenous administration of vasopressors, the patient developed refractory hypotension and acidosis and died.
Pathological findings At necropsy both lungs were diffusely consolidated. In the right lower lobe there were two pleural based cavities in the posterior and lateral basal segments measuring 5 cm in diameter. Both cavities were surrounded by necrotic, inflamed lung tissue, and communicated with the pleural space through large visceral pleural defects. Bland, organising, focally calcified thromboemboli were found occluding segmental arteries at the apex at each cavity (fig 2) as well as other arteries in the upper and middle lobe. A recent, bland infarct 2 cm in diameter was present in the middle lobe. The lung parenchyma was diffusely fibrotic with multifocal acute bronchopneumonia, from which Klebsiella pneumoniae was cultured. CASE 5 A 55 year old man was admitted to hospital with complaints of a non-productive cough and shortness of breath. A chest radiograph showed bilateral pulmonary infiltrates. A stained specimen of sputum showed a few polymorphonucear leucocytes but no bacteria. Treatment with penicillin, gentamycin, and frusemide was instituted. Two days later, because of deterioration in gas exchange, he underwent endotracheal intubation and artificial mechanical ventilation was instituted. A flow directed pulmonary artery cather was inserted via the right subclavian vein; the initial pulmonary capillary wedge pressure was 15 cm H20 (11 mm Hg). His temperature was 40°C. After two weeks an open biopsy of his right lung was performed. Histological examination of lung tissues showed advanced interstitial and intra-alveolar fibrosis. No microorganisms were identified. Scattered thromboemboli were observed, however, in the microvasculature. A presumptive diagnosis of nonbacterial pneumonia was made. The antibiotics he was having were discontinued and treatment with diuretics, corticosteroids, and erythromycin was instituted. There was a progressive deterioration throughout the remainder of his hospital stay. Mechanical ventilation with an inspired oxygen concentration of 0.50-0.75 and a PEEP of 10-15 cm H20 was required to achieve an arterial oxygen tension of 60 mm Hg (8 kPa). Peak airway pressures ranged from 55 to 70 cm H20. One week later the patient suddenly experienced chest pain, which was followed by cardiopulmonary arrest and death. the left upper lobe. Focal disruption of the pleura was observed microscopically. A thromboembolus was seen in the segmental artery proximal to the lesion, and multiple other microthromboemboli were observed bilaterally. The wall of the cavity and the surrounding necrotic parenchyma were heavily colonised with bacteria and yeast.
Discussion
Bland pulmonary thromboembolism occurs commonly in hospital inpatients and is particularly prevalent in the critically ill.3 There were many factors predisposing to the development of thromboembolic disease in our patients. One potential source was superior vena cava thrombosis associated with the presence of an indwelling vascular catheter. All of our patients had flow directed pulmonary artery catheters inserted two to 21 days before death. In three cases catheter related thrombi were found in the superior Redline, Tomashefski, Altose vena cava, but in the other two the catheter path was not completely inspected. Recently Castele et al found central venous and right atrial thrombi at postmortem examination in 16 of 32 patients who were brought to necropsy with a pulmonary artery catheter in place. 4 These findings indicate that, in addition to the iliofemoral veins, the superior vena cava and its tributaries may represent an important potential source of pulmonary emboli in critically ill patients. 5 Lung cavitation following bland thromboembolism is unusual; the incidence is only 2.7-4.2%6 8 The development of bronchopleural fistula secondary to bland infarction is even more rare, only 25 such cases having been reported before 1977. 9 The relatively large number of cases of pulmonary infarction associated with cavitation and pneumothorax that we observed in a short time was therefore unexpected. We suggest that the adult respiratory distress syndrome in association vascular injury, pulmonary infection, and the raised alveolar pressures resulting from positive pressure mechanical ventilation may predispose to cavitation of infarcts and the formation of bronchopleural fistula after bland thromboembolism.
Extensive vascular abnormalities are commonly found in patients with adult respiratory distress syndrome.'0 Widespread filling defects in small pulmonary arteries have been demonstrated radiographically by balloon occlusion angiography" and histological evidence of microemboli can be found in the lungs of virtually all patients who have died of adult respiratory distress syndrome.12 These abnormalities have been attributed to vascular endothelial cell injury and to increased pulmonary sequestration of platelets.'3 Distortion of blood vessels due to pulmonary firosis and compression caused by interstitial oedema may lead to local impairment in blood flow. 1415 These abnormalities of pulmonary perfusion in adult respiratory distress syndrome are preferentially localised to peripheral subpleural regions. 16 Since these regions tend to have less collateral blood flow from other pulmonary arteries or the bronchial circulation (or both), there is a greater susceptibility to tissue necrosis, particularly when pulmonary perfusion is further compromised by thromboembolic obstruction of larger arteries (> I mm diameter). '6 Tissue necrosis and cavitation are common after septic thromboembolism. Because Despite the high prevalence, thromboembolism is often clinically undetected in patients with diffuse lung injury.20 This report has shown that careful examination of formalin inflated lungs identifies an unexpectedly high number of cavitary infarcts associated with bland thromboembolism. We suggest that pulmonary infarction should be seriously considered in the differential diagnosis of cavitary lung lesions or of bronchopleural fistula in patients with adult respiratory distress syndrome. Although the most appropriate means of managing the diffuse vascular lesions of adult respiratory distress syndrome is unresolved,3 rigorous treatment of extrapulmonary sites of thrombosis and the prevention of superior vena caval thrombosis associated with prolonged central venous catheterisation might lead to the prevention of additional vascular injury. In this setting the development of bronchopleural fistula during mechanical ventilation should be anticipated and attempts should be made to reduce high airway pressures.
